The CCAAT/enhancer-binding protein β gene (C/EBPβ) is one of the key regulating factors of lipid metabolic balance in the liver. To better understand how C/EBPβ affects lipid accumulation in the Landes goose liver, its DNA was cloned. The goose C/ EBPβ DNA sequence (2,075 bp) contains a 984-bp open reading frame and part of the 5′-flanking region, and shares 96.66 and 62.07% similarity with the chicken and human sequences at the amino acid level, respectively. Tissue expression profiling showed that the relative expression level was high in the liver and adipose tissue. To understand the effect of betaine on C/EBPβ in goose liver, the relative expression levels of C/EBPβ were detected under different treatments. Compared with the control group, C/EBPβ expression increased in the high-carbohydrate group (P < 0.01) and decreased in the betaine treatment group (P > 0.05). Using bisulfite sequencing PCR, the gene methylation status was analyzed among the different treatment groups. None of the 54 CpG sites in the promoter region or the 28 CpG sites in the structural domain of the coding region showed any significantly different methylation patterns among the groups. Taken together, the results showed that betaine decreased the goose C/EBPβ gene expression, but did not directly regulate its methylation. The data may form the basis for further investigation of the mechanisms of the effect of C/EBPβ on the regulation of lipometabolism in the goose liver and the effect of betaine on lipid metabolic genes at the molecular level.
INTRODUCTION
In mammals, failure of the hepatic lipid metabolic balance may result in increased trigalloylglycerol storage in hepatocytes, leading to hepatosteatosis, which frequently induces metabolic diseases, such as fatty liver (Adams and Lindor, 2007; Lê and Bortolotti, 2008) . Generally, in mammals, increased intrahepatic influx of free fatty acids, ingestion of dietary fat, de novo lipogenesis, and impaired hepatic β-oxidation of fatty acids, impaired triglyceride export, which influence lipid influx or clearance, may lead to hepatosteatosis (Jung et al., 2010) . Waterfowl such as ducks and geese have a different lipid metabolic balance from other animals, whereby a surfeit of carbohydrate in their diet may result in waterfowls' nonpathological hepatic steatosis in a shorter period than in other animals. Their liver cells retain their functional integrity and can reverse cellular hypertrophy (Han et al., 2009 ). However, the exact mechanism is a matter of debate. Some studies, which focused on the synthesis and secretory pathway of hepatic lipoproteins as well as the resynthesis route of fatty acids in waterfowl livers (Han et al., 2009; Kathirvel et al., 2010) , provided the Landes goose as a good animal or cell culture model for the study of fatty liver.
Betaine (trimethylglycine) is a naturally occurring dietary compound and a synthesized material from choline in vivo. It contains 3 active methyls and has a lipotropic effect by decreasing blood lipids, improving the contents of hepatic lipids and oxygen radicals (Kathirvel et al., 2010; Wang et al., 2010) . In vivo, betaine serves as a high performance methyl donor for the conversion of homocysteine to methionine and functions as an osmolyte. In addition, betaine is regarded as a hepatic protectant, where it has effects on remethylation of homocysteine, activation of AMP-activated protein kinase, oxidative stress, and transsulfuration reactions (Ji and Kaplowitz, 2003; Song et al., 2007; Kwon et al., 2009 ). Our previous study found that betaine increased the Landes goose liver weight more than 100 g/goose (P < 0.01), reduced the abdomen lipid weight nearly 100 g/goose (P < 0.01), and reversed the hepatic injury, which could bring good economic returns in production . Histological examination showed the betaine-treated geese had smaller lipid droplets than high-carbohydrate-fed geese. Diffuse lesions and swollen hepatocytes were observed in the betaine-treated group, with decreased macrovesicular steatosis and increased microvesicular steatosis. In other words, the lipid was well distributed but the liver weight increased in the betaine-supplementation group (Su, 2009; Su et al., 2009) .
Hepatic steatosis, which causes intrahepatic lipodystrophia and fat accumulation in the liver cells, is associated with changes in the expressions of some lipid metabolism-related genes in response to hormones and nutrients (Jung et al., 2010) . According to the principle of graph theory, a regulatory network for the lipid metabolic balance in the animal liver was built. In the network, C/EBPβ is the key regulatory factor of the lipid metabolic balance in the liver (Su, 2009) . Furthermore, C/EBPβ is a multifunctional regulatory factor, binding to the promoter regulatory regions and sequences of the peroxisome proliferator-activated receptor γ (PPARr) and the CCAAT/enhancer-binding protein α (C/EBPα), and has a very important role in the development and metabolism of adipose tissue (Tang et al., 1999; Rosen and MacDougald, 2006) . In the present study, the C/EBPβ gene of the Landes goose was cloned and analyzed. To study the effect of dietary betaine on C/EBPβ in goose liver, we made a goose highcarbohydrate group by feeding a nutritionally complete diet containing about 60% calories from carbohydrates, then added betaine treatment to make the betaine group. The C/EBPβ transcription levels were assessed by real-time PCR, and the methylation patterns of the promoter domain and coding region were examined using bisulfite sequencing among the different groups. We aimed to obtain evidence for the involvement of betaine in changes in C/EBPβ gene transcription and DNA methylation, and associated changes in lipid distribution in the liver of Landes geese.
MATERIALS AND METHODS

Birds
Thirty-six healthy male Landes geese (BW = 4.0 ± 0.01 kg), obtained from Xingyun Jiangsu, China, were fed a commercial diet to the age of 10 wk under the same environmental conditions, with foraging and free access to water. From 10 to 12 wk, the feed restriction was progressively released to increase the volume of the digestive tract and to initiate the metabolic adaptation to overfeeding (500 g/d). At 13 wk (85 d), the geese were divided into 3 groups: control group (commercial standard carbohydrate diet, n = 12), high-energy group (moderate high-carbohydrate diet, n = 12), and betaine treatment group (moderate high-carbohydrate diet plus betaine, n = 12). The details of the procedure are described by Su et al. (2009) . At wk 15, the geese were decapitated. The livers from all individuals were collected, and other tissues, including the lung, heart, spleen, muscle, stomach, hypothalamus, kidney, pituitary, thymus, and adipose tissues, were collected from the control group and quickly frozen in liquid nitrogen. An aliquot was stored at −70°C for RNA isolation, and the rest was stored at −20°C for DNA isolation. The birds were cared for and slaughtered according to practices approved by the Nanjing Agricultural University Animal Ethics Committee.
DNA and RNA Isolation
The phenol-chloroform method was used to extract DNA from hepatic tissue (Sachan and Raman, 2006) . Total RNA was extracted from tissues using a Trizol RNA Extract Kit (Invitrogen, Shanghai, China), according to the manufacturer's instructions, and was treated with RNase-free DNase (Promega, Shanghai, China). The RNA was reverse-transcribed to cDNA using M-MLV reverse transcriptase and oligo(dT)18 (Promega).
Primer Design
Primers were designed using Primer 5.0 software and synthesized by Invitrogen (Shanghai, China; Table  1 ). Primers 1 through 4 were used for amplification of goose C/EBPβ DNA and were designed according to the chicken C/EBPβ DNA sequence. Primer 5 was designed using the acquired C/EBPβ gene sequence of goose for real-time PCR. The expressions of C/EBPβ in different tissues were normalized using the expression of β-actin mRNA (Primer 6). Sodium bisulfite sequencing PCR (BSP) used Primer 7 and Primer 8, which were designed using Methyl Primer Express v1.0 software from sequences near the CpG island of the promoter region and the functional domain of C/EBPβ.
Cloning and Sequencing
The PCR reaction system for the isolation of the C/ EBPβ gene was performed in a final volume of 50 μL containing 5 μL of 10 × long application (LA) PCR buffer, 4 μL of deoxynucleoside triphosphate mixture (10 mM), 3 μL of MgCl 2 , 1 μL each primer, 0.5 μL of LA Taq DNA polymerase, 1 μL of template DNA, and 34.5 μL of double-distilled H 2 O. The PCR reaction program was as follows: initial denaturation for 3 min at 94°C; followed by 5 cycles of 94°C for 30 s and 72°C for 3 min; 5 cycles of 94°C for 30 s, 70°C for 30 s and 72°C for 3 min; 25 cycles of 94°C for 30 s, annealing for 30 s (at the temperatures shown in Table 1 ) and 72°C for 3 min; 72°C for 7 min; and stored at 4°C. The PCR products were separated by electrophoresis on a 1.0% aga-rose gel and purified with a gel extraction kit (Watson Biomedical Inc., Shanghai, China). Three independent clones of each fragment were sequenced by Invitrogen.
Bioinformatic Analysis
The sequence concatenation, and the recognition and translation of open reading frames, were effected by DNAStar5.02 (DNASTAR Inc., Madison, WI). The structural domain was analyzed by Motifscan (http://myhits.isb-sib.ch/cgi-bin/motif_scan), and the protein molecular weight and isoelectric point were analyzed by the online software, Compute pI/MW (http://au.expasy.org/tools/pi_tool.html) of ExPASy. The hydrophilicity and hydrophobicity of the deduced protein were analyzed by Kyte-Doolittle Hydropathy Plots (http://fasta.bioch.virginia.edu/fasta_www/ grease.htm), and the presence or absence of a signal peptide sequence was analyzed by SignalP3.0 (http:// www.cbs.dtu.dk/services/signalP-3.0/). The protein's conserved structural domain was analyzed using the conserved domains software (http://www.ncbi.nlm.nih. gov/Structure/cdd/cdd.shtml). The modified sites and functional motifs in the protein were identified using the ELM-Functional Sites in Proteins software (http:// elm.eu.org/links.html). The promoter sequence was predicted by the online software Proscan (http://wwwbimas.cit.nih.gov/molbio/proscan/).
Phylogenetic Analysis
The variation sites, numbers of transition (Ts), numbers of transversions (Tv), and Ts/Tv were accounted for using MEGA 4.1 software (Tamura et al., 2007) . The nucleotide diversity (Pi), number of nonsynonymous substitutions (d N ), number of synonymous substitutions (d S ), and d N /d S were determined by the DNASP 5.0 program (Librado and Rozas, 2009 ). Phy-logenetic trees were constructed using the maximum parsimony method of MEGA 4.1 software (Tamura et al., 2007) by selecting the Kimura 2-parameter model. The bootstrap percentage values were obtained by a bootstrap replications test (1,000 replications).
Real-Time PCR
The C/EBPβ mRNA levels were measured using a SYBR Premix Ex HS Taq kit (TaKaRa Biotechnology Co. Ltd., Dalian, Japan). The C/EBPβ expression profile was analyzed in 11 tissues of Landes goose and the expression levels in the livers of the different groups were compared by real-time PCR (MJ Research Inc., Altham, MA). The reaction system consisted of 20 μL: 1 μL of template, 0.4 μL of each primer, 10 μL of 2×SYBR Premix Ex HS Taq, and 8.2 μL of doubledistilled H 2 O. The PCR cycling program was as follows: predenaturation for 1 min at 95°C; 40 cycles of denaturation at 95°C for 10 s, annealing for 15 s (at the temperatures shown in Table 1 ), extension at 72°C for 15 s, followed by an extension at 72°C for 5 min. The melting curve was analyzed by plate reading every other 0.2°C from 65°C to 94°C. The reaction was ended with an extension at 72°C for 5 min. All samples were run in triplicate, and plasmid clones of the products were used as standard samples to create the standard curve for quantification. One-way ANOVA was used for comparisons among multiple groups, and the data were expressed as means ± SD.
DNA Methylation Assay
Bisulfite modification of genomic DNA and BSP were performed according to the methods described by Liu et al. (2009) . The purified PCR products were ligated into the pGEM-T vector (Invitrogen, Grand Island, NY), and 10 positive clones were sequenced by Invitrogen. The positions and percentages of methylated cytosine residues for all non-CpG were then determined by aligning the sequencing results with the bisulfite modification of DNA sequences converted from Methyl Primer Express 1.0 software.
RESULTS
Identification of Goose C/EBPβ
The 2,075-bp DNA of the C/EBPβ gene was isolated from the Landes goose liver. The sequence was submitted to GenBank under the accession number GU068582. The isolated sequence contains a predicted promoter sequence (1,086 bp) and complete coding region (984 bp). The goose C/EBPβ gene consists of a single exon with no introns, which is the same as in other bird species (e.g., chicken and Zebra Finch). Analysis of the 5′-flanking region of the C/EBPβ gene identified a TATA box 25 bp upstream of the transcription start site and a 251-bp core promoter region from −452 to −202 bp (Figure 1 ). Using the program Transcription Element Search System (TESS; http:// www.cbil.upenn.edu/cgi-bin/tess/tess), binding sites for transcription factors such as SP1, AP-2, GCF, and UCE.2 were identified in the core promoter region. The predicted protein product of goose C/EBPβ consists of 328 amino acid residues, with a molecular weight of 34.89 kDa and an isoelectric point of 8.696. The goose C/EBPβ protein is predicted to be localized in the nucleus and has no transmembrane region, signal peptide, or hydrophobic region. Like other species, the goose C/ EBPβ protein has a classic conserved bZIP (basic leucine zipper) region at the C terminus ( Figure 2) . Moreover, the stop codon of goose C/EBPβ is TGA, the same as in other bird species (Kintscher et al., 2003) , but the stop codon in mammals is TAG (Yamaoka et al., 1997; Strausberg et al., 2002) . The BLAST analysis showed that the C/EBPβ amino acid sequence shares 96.66 and 96.04% identity with the proteins from chicken and Zebra Finch, respectively, and 62.07 and 58.91% identity with the human and mouse proteins, respectively ( Table 2 ). The percentage identities among different species of mammals (human, mouse, cattle) are 69.16 to 95.97%. Thus, the C/EBPβ proteins are relatively conserved among birds, whereas homologies are low when the genes of birds are compared with those of mammals.
Molecular Evolution of the C/EBPβ
Fifty-six polymorphic sites were identified in the C/ EBPβ gene coding region nucleotide sequence among 3 species of birds (goose, chicken, and Zebra Finch). In the coding region, the percentage of polymorphic sites is 5.66% (56/990), and the Pi is 0.0418. During base substitution, transformation has occurred 14 times, transversion has occurred 25 times, and the relative value, Ts/Tv, is 0.55, which is smaller than the critical value of 2.0. This indicates that mutations in C/EBPβ sequences of birds have reached saturation. The d N in bird C/EBPβ coding regions is 0.0122 (SE = 0.0017), the d S is 0.1344 (SE = 0.0238), and the d N /d S is less than 1 (Z-test, P < 0.01). This result indicates that the C/EBPβ genes of birds have experienced a negative selection pressure during evolution. In the C/EBPβ gene coding region nucleotide sequences of 6 species of mammals (cattle, human, mouse, opossum, orangutan, and rat), 245 polymorphic sites are found, giving a percentage of polymorphic sites of 21.91% (245/1118) and a Pi of 0.1176. During base substitution, transform has occurred 46 times, transversion has occurred 74 times, and the relative Ts/Tv value is 0.62, less than the critical value of 2.0. This indicates that mutations in the C/ EBPβ sequences of mammals have also reached saturation. The d N in mammalian C/EBPβ coding regions is 0.1440 (SE = 0.0261), the d S is 0.1081 (SE = 0.0222), and d N /d S is more than 1 (Z-test, P > 0.05). Thus, the mammalian C/EBPβ genes have undergone neutral selective pressure during evolution.
The phylogenetic tree of C/EBPβ sequences shows that the outgroup (African clawed frog) is clustered alone, whereas the other 9 species are clustered together (Figure 3) . The 9 species are divided into 2 groups: the 6 species of mammals were classified into one group, and the 3 species of birds into the other group. In the mammals group, the 6 species are divided into 4 clades; human and orangutan (Hominidae) are clustered initially as clade A, cattle (Bovinae) form clade B, the mouse and rat (Murine) are clustered as clade C, and Monodelphis (Didelphidae) forms clade D. In the birds group, the chicken and Zebra Finch are clustered as clade E, and the goose is clustered alone as clade F.
Tissue Expression Patterns of the Goose C/EBPβ
To understand the expression patterns of the goose C/EBPβ gene, we analyzed its expression level in 11 tissues using real-time PCR. As shown in Figure 4 , all tissues including lung, liver, heart, spleen, muscle, stomach, hypothalamus, kidney, pituitary, thymus, and adipose tissues (sebum and abdomen lipid) expressed C/EBPβ mRNA. The highest relative expression level of C/EBPβ mRNA was in the adipose tissues, followed by the liver, lung, heart, muscle, hypothalamus, spleen, thymus, pituitary, and kidney. The stomach showed the lowest expression level.
Reversed Expression of C/EBPβ in the Liver by Betaine
To understand how dietary betaine supplementation affects the liver, Landes geese were fed a moderate high-carbohydrate diet with or without betaine for 3 wk and geese of the control group were fed standard carbohydrates. The expressions of the C/EBPβ gene were then analyzed by RT-PCR in the 3 groups ( Figure  5) . Compared with the transcriptional levels of the control group, the C/EBPβ level in the high-carbohydrate group was significantly higher (P < 0.01). The level in the high-carbohydrate with betaine treatment group was a little lower than the control, but did not reach the level of significance (P > 0.05). The result indicated that a high-carbohydrate intake markedly increased C/ EBPβ expression, and that increase was significantly attenuated by betaine treatment in the liver of geese.
Methylation Status of the Promoter and Functional Region
To further investigate the regulation of the expression of goose C/EBPβ and whether betaine influences the methylation status of the C/EBPβ promoter and functional domain, we performed BSP assays in the livers of 3 groups. Bioinformatic analysis revealed that the goose C/EBPβ gene contains a 1,266-bp CpG island in the 5′-flanking region and a 695-bp CpG island in the coding domain, which include the core promoter region and the functional domain, respectively. A 314- Figure 2 . Comparison of amino acid sequences of CCAAT/enhancer-binding protein β gene (C/EBPβ). Identical amino acid residues are shown in gray, and similar amino acid residues are shown in black; the hyphens denote gaps. The amino acid residues that indicate the putative basic Leu zipper domain are underlined. bp sequence with 54 CpG sites was selected that included most of the core promoter region (from −384 to −71 bp) to analyze the methylation status of the C/ EBPβ promoter. A 296-bp sequence with 28 CpG sites and comprising almost all the structural domain (from 873 to 1,168 bp) was selected to analyze the functional domain methylation status (Figure 1) . The results showed that in the promoter region ( Figure 6A ), 1.48% of the sites were methylated in the control group, 2.96% were methylated in the overfeeding group, and 2.23% were methylated in the betaine treatment group. How-ever, there was no significant difference among them (P > 0.05). In the functional domain ( Figure 6B ), the methylation level in the betaine treatment group was the highest (4.64%), followed by the control group (2.86%), and the high-carbohydrate group was the lowest (2.14%). Again, there was no significant difference among the groups (P > 0.05).
DISCUSSION
Characterization of Goose C/EBPβ
The C/EBP are a family of leucine zipper transcription factors that bind to DNA as homodimers and heterodimers. They regulate cellular proliferation, differentiation, and apoptosis. C/EBPβ is a member of the C/EBP family and is hepatocyte specific. With the exception of members of the C/EBP family [C/EBPε (CCAAT/enhancer-binding protein ε) and CHOP (C/ EBP homologous protein)], all of the C/EBP genes are intronless and transcription results in a single mRNA that is translated to yield multiple protein isoforms (Zahnow, 2002) . The C/EBPβ mRNA in rodent and human mammary tissue has 3 potential translation start sites, a transactivation domain, a DNA binding domain, and a leucine zipper dimerization domain. The protein can be translated via alternative start sites into 3 isoforms: full-length, 38-kDa liver-enriched activating protein (LAP) 1; 35-kDa LAP2; and 20-kDa liverenriched inhibitory protein (Eaton et al., 2001; Zahnow, 2002) . Alternative isoforms that may be present in other tissues and species were not found in our study. However, goose C/EBPβ does have the characteristic carboxyl terminal basic leucine zipper motif. The basic leucine zipper motif is hypothesized to be the interactive structural domain between the protein and DNA. It plays an important role during signal transduction, cell differentiation, and cytoskeleton formation (Ramji and Foka, 2002) . The functional region is strikingly conserved, which further indicates that C/EBPβ proteins have the same or very similar functions in different species.
Betaine Effect on C/EBPβ Transcription in Liver of Goose
Expression of C/EBPβ occurs mainly in tissues in which fat or cholesterol metabolism is vigorous, such as the liver and adipose tissue. Its expression in skeletal muscle is relatively low (Yang and Zhang, 1999) . The C/EBPβ showed high expression in liver cells and bound to several control elements of liver-specific genes; therefore, it was initially linked to hepatocytespecific gene regulation. Later, it became evident that several events, not only during liver regeneration, but also during adipocyte differentiation, can modulate the C/EBPβ mRNA level (Trautwein et al., 1996; Darlington et al., 1998) . For example, C/EBPβ can induce the expression of lipid generation-related genes to promote the proliferation of preadipocytes, the differentiation of lipocytes or interact with the elements that regulate the network of molecular expression of lipid formation (Harmon et al., 2002; Gout et al., 2006) . The expressions of goose C/EBPβ in liver and adipose tissue are significantly higher than those in other tissues, suggesting that C/EBPβ plays an important role in the liver and adipose tissue. Thus, it was tested as a candidate gene associated with the liver's response to dietary betaine.
In our study, betaine affected the expression of C/ EBPβ. Compared with the high-carbohydrate group, betaine reduced the expression of C/EBPβ mRNA to nearly the control level in the Landes goose liver (P < 0.01). This result correlated with our previous study, where betaine reversed hepatic injury because adipocyte differentiation was downregulated.
C/EBPβ Methylation Status and Betaine
Methylation of DNA is one of the major mechanisms governing epigenetic regulation of genes (Aniagu et al., 2009; Li et al., 2013) . Betaine has been shown to be a methylating donor; for example, it could protect against alcoholic hepatosteatosis by promoting gene remethylation. Betaine can enhance the synthesis of methylated compounds, including carnitine and phospholipids (Kharbanda et al., 2007) . However, the effects of betaine on genetics and DNA methylation modification have been rarely reported. In this study, although the C/EBPβ transcription level was significantly lower in the betaine group compared with the high-carbohydrate group (P < 0.01), betaine had no statistically significant effect on the methylation status of the CpG islands located at the core promoter region and functional domain of the coding region. Similarly, Aniagu et al. (2009) reported that gene expression increased but did not find promoter region demethylation. They presumed that promoter region methylation did not change the gene's expression. With regard to the methylation status of the functional domain, there was a trend toward higher methylation levels in the betainetreated group, but this trend did not reach statistical significance (P > 0.05). Thus, we presumed that any effect that betaine might have on the methylation status of C/EBPβ was subtle in the Landes goose fatty liver, and it was not the changes in methylation status that changed the gene's expression.
Conclusions
In summary, successful cloning of nearly complete genomic DNA, predication of the molecular characteristics and tissue expression analysis of C/EBPβ in geese should help clarify the regulatory mechanisms of C/EBPβ gene expression during liver regeneration and adipocyte differentiation in the Landes goose. Our study provides the first insight into the effect of betaine on transcriptional regulation as well as methylation status analysis of the goose C/EBPβ gene, which may lay ground for further investigation of the effect of betaine on producing fatty liver and its regulatory mechanisms in the Landes goose.
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